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Abetraot 


It  ie  non  nail -known  thac  phenonena  in  the  neighborhood  of  the  oritioal 
point  are  not  ae  staple  aa  would  be  antioipated  from  a theory  of  the 
ran  der  Waal a type*  In  partioular*  the  question  hae  been  raised  ae  to 
whether  the  top  of  tho  ooexistenoe  surra  (solubility  ourre  in  a binary 
liquid  ayatea)  should  hare  a flat  horitontal  portion,  and  as  to  whether 
there  is  a portion  of  the  one-phase  homogeneous  region  There  the  fugaoity 
ie  independent  of  oonoentration.  in  atteapt  haa  been  aade  to  answer 
theae  questions  for  the  oyolohexane-enlline  ayatea  by  neasuring  the 
ooexistenoe  ourre*  and  by  ooaparing  the  rapor  pressure a of  aixtures 
of  different  ooaposition*  just  abort  the  oritioal  teaperature*  by  use 
of  a differential  nanoaater*  Bxtreae  purification  of  the  naterials 
has  been  found  to  be  rery  neoesaary*  The  data  are  believed  to  shew 
that  the  top  of  the  ooexistenoe  ourre  ie  flat.  Within  the  limits  of 
experimental  error*  there  is  no  region  abort  the  oritioal  temperature 
where  the  fugaoity  is  independent  of  oonoentration* 
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*Xt  haa  boon  realised  for  a oonalderable  ptriod  of  tin  that  tho  phenomena 
afcloh  ooour  in  tho  iawdiato  neighborhood  of  tho  oritioal  point  of  a one-oom- 
pooont  system  ure  not  aa  simple  aa  sight  bo  antioipatod  fro*  tho  van  dor  Waala 
theory  or  similar  thoorioo  of  tho  aquation-of-atata.  Though  a maker  of  experi- 
nontara  had  oarly  pointed  out  aon  of  tho  "anomaliea”,  attention  mi  moat  for* 
oibly  dirootod  to  than  by  the  atatiatioal  theory  of  oluatera  aa  da to loped  by 
hayer  and  Harrioen^1**).  Thoao  author!  oonoluded  that  tha  liquid-vapor  ooexia- 
tonoe  ourra  in  tho  p-V  ( pre a sure ~ volume)  diagram  aa  dotaradnod  by  tho  obeer- 
vaticn  of  tho  menleous,  ahould  hare  a flat  horiaontal  aootioo  at  tho  top*  inotead 
of  being  roughly  parabolio  aa  predicted  by  ran  dor  Haala.  Thuo  inataad  of  a 
ainglo  oritioal  volume,  there  will  be  a range  of  oritioal  volumes.  There  will 
be  an  iaothem  having  a portion  vhioh  ooinoidea  with  tho  horiaontal  part  of  tho 
ooexiatenoe  ourra  j tho  tamparaturo  of  thia  iaothem  will  be  da  a ignited  ae  T0, 

Partly  flroia  thooretioal  oon  a Ida  ration  a and  partly  f*  oa  Intuition  Mayor  and 
Harrison  inferred  further  that  even  for  temperatures  somewhat  greater  than  T0 
tho  iaotherma  would  hare  a horisontalportion,  in  spite  of  tha  faot  that  tho 
ordinary  typo  of  oondanaation  with  formation  of  a visible  naniaoua  oould  not  be 
obaorrod  at  theta  tanparaturaa.  Than  isotherms,  however,  would  not  have  tho 
diaoontinuitloo  in  elope  whioh  nornally  ooour  whore  tho  isotherm  oroaees  tha 
ooexiatenn  ourra,  but  tho  port  ion a with  nro  slope  would  bo  appro&ohed  smoothly. 
They  oonsidered  tho  lut  isotherm  (highest  temperature)  for  whioh  a portion  with 
nro  olopo  ooour  a to  bo  tho  true  oritioal  laothormi  thia  temperature  we  shall 
oall  T0*. 

Mora  ronntly  Rioe  haa  davalopad  a tharmodynamio  theory  based  on  a 

consideration  of  the  aotual  physioal  oluatera  of  moloouloo  (aa  ooo treated  to 
the  mathematical  oluatera  of  Mayer  and  Harriaoo)  whioh  will  form  when  a vapor  ia 
oompresnd.  Tha  oritioal  temperature,  T0,  is  defined  aa  tho  temperature  at  whioh 
tha  surface  tension  vanishes,  a raanisoua  presumably  not  being  visible  above  thia 
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temperature . Below  T0  tha  olueter*  will*  at  a oertain  preeeure,  tend  suddenly  to 
be  infinitely  large  in  also*  thus  giving  ordinary  eondansatien.  But  at  *0*  in* 
•taad  of  a oompeot  liquid*  a largo  spongy  mass  will  ba  gradually  feraad*  Tha 
surfaoa  tonoion  balng  tare  It  will  not  rasiet  oonpresaion.  Thus  tha  orltioal 
isotherm  in  this  theory*  also*  should  hart  a finita  horisontal  portion*  and  in 
agrsaxant  with  Mayor  and  Harrison  tha  ooexistenoe  ourrs  should  ba  flat  at  tha 
top.  Horn  to  r*  if  tha  surfaoa  tsnsion  ba  corns  negative  above  fQ  (and  argunents 
in  favor  of  this  wars  given)*  tha  spongy  ooalaaoad  olustar  will  than  rssist 
ooapreesicn.  Thus  all  isotherms  abooa  TQ  art  sxpaotad  to  have  a finita  slope. 

According  to  tha  thaory  of  Rioa  thara  is  only  ora  oharaotsristio  tanparatura* 
Tq«  According  to  Mayor  and  Harrison  thara  are  two*  ?0  and  T0’*  and  It  would  ba 
a noet  unexpected  ooinoidsnos  if  thasa  two  ooinoidod.  However*  Zimn^)  has 
recently  suggested  that  the  integrals  whioh  ooour  in  Mayor  and  Harrison's  thaory 
nay  ba  consistent  with  tha  vanishing  of  all  derivatives  of  p with  respeot  to 
V,  without  discontinuities  in  any  of  tha  derivatives*  at  one  single  point  in  the 
p-V  plans.  This  would  ba  tha  oritioal  point  and  To  and  T0'  would  ooinoide.  Tha 
ooexistenoe  ourve  would  ba  row  dad  at  the  top*  but  it  would  not  ba  parabolio* 
as  in  van  dar  Waals  thaory*  where  only  ( d p/  d V)y  and  ( ^2p/6  v*)y  vanish  at 
a single  point  without  discontinuities. 

Despite  a wisher  of  experiments  intended  to  eluoidata  tha  questions  raised 
by  the  above  theories*  tha  natter  oannot  ba  said  to  ba  settled.  Observations 
of  the  manisou*  in  tha  oritioal  region  have  led  some  authors  to  believe  that  the 
top  of  tha  ooexistenoe  ourve  is  flat,  jjFor  a disoussion  and  referenoes*  sea  (5^  . 
Raoent  work,  however*  has  tended  to  show  that  the  affeot  of  gravity  nay  bs  of 
lnportanoe  in  this  phenonsnoc1'  ‘ * ao  that  sons  of  the  results  vhioh  lead  to  this 
oonolusion  nay  ba  spurious*  though  stirring  of  agitation  should  tsnd  to  Minimize 
this  affect. 


The  question  as  to  th*  shape  of  tha  iaothoma  1b  the  oritioal  region  la 
also  unsettled^5 \ and  hers,  too,  gravity  nay  have  aa  influanoe^. 

However,  even  the  moat  alamantary  obaervatlona  a how  that  the  van  der  Waala 
type  of  theory  ia  in  need  of  aubatantlal  modification,  Quggenhain^)  ha  a ool- 
looted  a large  amoast  of  data  on  the  ooexlatenoe  ourve  from  tha  literature, 
and  haa  shown  that  the  oo»xistenoe  ourve  oannot  be  even  approximately  parabollo. 

It  appears  to  be  a ourve  of  the  third-degree  rather  than  of  the  saoond  degree. 

Such  a ourve  la  very  nearly  flat  on  the  top,  sad  it  may  be  expeoted  that  it  will 
be  exceedingly  dlffloult  to  droid#  experimentally  whether  there  is  aotually  a 
finite  horiiontal  portion. 

Any  situation  vhloh  oan  arise  in  a one-oomponent  system  oould  have  its 
counterpart  in  tha  behavior  of  a binary  liquid  syatem  in  the  neighborhood  of 
its  o on solute  or  oritioal  solution  temperature,  and  vary  similar  thsoretloal 
considerations  oan  be  applied^4*10),  Usually  somewhat  different  methods  of 
plotting  are  used.  Thus  the  ooexlatenoe  ourve  is  plotted  in  a diagram  of  tem- 
perature ve,  oonoontration.  In  such  a diagram  we  my  still  ask  whether  there 
le  e finite  horisontal  portion  at  the  oritioal  temperature.  And  we  may  ask 
whether  there  la  e range  of  oocoentraticna  and  temperatures  just  above  the 
oritioal  temperature  (or  below  if  it  ia  a lower  oonaolute  temperature),  that  is, 
in  the  homogeneous  ons-phaae  region  of  oooplete  mutual  solubility,  where  tha 
fugaoity  of  oaoh  ooraponant  at  a givan  temperature  is  independent  of  oonoentratlon. 

Experimental  answers  to  these  qimstlone  are  oertainly  not  unequlvooally 
provided  in  the  literature  £for  referenoes  and  summary  aea  (d)J,  Prom  the  data 
given  in  the  Landolt-Born stein  Tables  one  gets  the  impression  that  more  aoourate 
data  might  tfiow  many  of  the  ooexlatenoe  curves  to  have  flat  tops.  Some  of  the 
more  aoourate  data  do  appear  to  lndloate  a flat  horisontal  portion,  notably  in 
tha  systems  phenol -water,  aoetio  hydride -oyolohexane,  aoetooe-oarbon  disulfide, 
methyl  aoe tats -carbon  disulfide  (in  the  latter  two  the  flat  portion  ie  unusually 
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long),  and  a ounbar  of  organio  mixturaa  atudiad  by  Wood burn,  Smith,  and  Ibtawsky, 
On  tha  othar  hand,  the  ooaxiatanoa  ourraa  for  the  systems  aoatio  anhydride - 
oarbon  diaulfida  and  perfluoromethyloyolohexane-oarbon  tetrachloride  appear  to 
be  rounded  at  tha  top«  The  ooexietenoe  ourraa  for  liquid  paira  show  a freat 
variety  of  fonm,  and  they  nay  wall  differ  in  thia  reapeot.  However,  it  ia  to 
be  noted  that  liquid  systems  are  extra naly  aenaitive  to  minute  quantities  of 
impuritiea,  and  it  aeema  probable  that  these  are  norw  likely  to  make  a ourve 
with  a flat  top  seem  roundsd  than  the  reverae* 

There  are  no  data  rnhioh  oan  be  used  to  oaloulate  fugaoitiea  in  the  orittcal 
region  whioh  are  of  auffioient  aoouraoy  exoept  those  of  on  the  perfluoro- 

mathyl  oyolohexane -oarbon  tetraohloride  system,  obtained  from  neasurementa  of 
light  aoattering.  These  indicate  that  in  thia  system  there  ia  no  portion  of 
the  homogeneous  region  where  the  fhgaoitiea  are  independent  of  oonoentration. 

Despite  their  sensitivity  to  impurities,  binary  liquid  systems  offer  oer- 
tain  advantages  for  this  type  of  investigation.  Effeots  of  gravity  will  be 
praotloally  negligible,  sinoe  direot  effeots  of  pressure  of  the  order  of  magni- 
tude involved  will  not  be  appreoiable.  Only  if  gravity  oould  oause  oonoentration 
gradients  oould  it  be  of  importanoe,  but  gravity-oaused  oonoentration  gradients 
are  always  small  and  oan  be  praotloally  eliminated  by  stirring*  Also  liquid 
pairs  with  oonvenlent  orltioal  temperature a oan  be  found  and  it  is  unnecessary 
to  work  at  elevated  pressures. 

The  cyolohexane -aniline  system,  measurements  of  whioh  we  will  report  here, 
has  a very  oonvenlent  orltioal  temperature  (values  ranging  from  50,2  to  51.5*0 
have  been  reported  in  the  literature  (12)),  It  further  has  the  advantage  that 
moat  of  the  vapor  preeaure  is  due  to  cyolohexane  and  so  a measurement  of  the 
total  vapor  pressure  gives  approximately  the  fugaoity  of  one  of  it*  components. 

If  both  oomponente  had  oomparable  vapor  pressures  sn  increase  in  the  partial 
vapor  pressure  of  cne  of  them  with  oonoentration  oould  well  be  almost  compensated 
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by  * deorease  la  ill*  partial  pressure  of  tha  other*  thus  making  ohangaa  in 
tha  fugacity,  and  naking  uaa  of  tha  total  Tapor  pressure  aa  a measure  of  fngaolty 
iapreotioable • 


Apparatus  and  Matariala 

Purification  of  Hatarlala.  Zn  view  of  tha  aanaitiTity  of  binary  liquid 
ay  a tana  to  impuritlaa*  great  preoautlons  wars  takan  in  tha  purification  of  our 
matariala.  Tha  anilina  uaad  ma  a apaoial  sample*  kindly  auppliad  by  Dr.  A*  ?• 

8 oh  ratal  of  Sational  Aniline  Division  of  Allied  Chamioal  and  Dye  Corporation  of 
Buffalo*  Ban  York*  Thia  anilina  waa  firat  plaoad  in  600-ml,  ground-stopper 
Erlenmsyer  flaska  (about  SOO  ml.  anilina  par  flaak)  aaoh  containing  approxi- 
mately 80  grama  of  KCH  pal  lata  (Mar ok.  raagant  grade).  Tha  flaaka  vara  a to  rad 
in  a dark  cupboard  for  about  taro  reeks  and  thoroughly  shaken  several  tinaa  each 
day.  Thia  anilina  was  than  diatillad  from  alno  duat  (Mtrok*  raagant  grade)  at 
ataoepherio  praaaura*  re jeoting  tha  firat  fan  millilitara  and  leaving  a fair 
milliliters  raaidua.  Tha  aanpla  vraa  naxt  diatillad  three  tiaw  a from  alno  duat 
at  6 mm.  Hg  praaaura.  A vaouum-jaoksted  oolum*  1.8  at  80  om.*  paokad  with  glaaa 
halloaa*  reflux  ratio  about  8 to  1*  was  uaad  for  reotlfioatios.  The  middle  out 
of  approximately  naa  saved  t dry  nitrogen  naa  bled  into  tha  receiver  prior 
- to  ita  re  moral  from  tha  diatillation  apparatua.  The  anilina  vraa  than  fraotionally 
oryrtallised  tvrloe.  The  top  of  the  oold  trap  vraa  kept  in  an  atmoaphere  of  dry 
nitrogen*  and  reducing  adapters  mars  uaad  so  that  the  aiaa  of  tha  opening  vraa 
large  enough  only  for  the  stirring  rod.  Tha  free  ting  mixture  mas  dry  ioe-aoetaae, 
and  the  fraeslng  period  vraa  approximately  six  to  eight  hour**  with  frequent 
stirring.  After  approximately  90^  of  tha  anilina  had  bean  fro  tan*  tha  top  10£ 
was  reaored  by  motion.  Tha  top  portion  of  the  remaining  anilina  was  than  malted 
and  that  portion  removed.  Tha  ariline  was  fractional  * diatillad  cooe  more. 

Tha  samp  lea  were  stored  in  small  glaii-atoppered  flasks  in  a dark  cupboard  in  a 
nitrogen  atmoaphere.  Several  months  elapsed  before  tha  final  runs  ware  mads  and 
during  thia  pariod  tha  anilina  had  taken  on  a vary  slight  oolor*  so  it  was  again 
fraotionally  diatillad  from  tino  dust  and  finally  from  ignited  CaO.  Tha  usual 
praoautiona  to  keep  out  oxygen  and  moisture  ware  observed.  The  malting  point 
showed  no  discernible  range  whan  oheoked  with  a Baokmann  thermometer. 

The  oyolohexane  was  obtained  from  the  national  Bureau  of  Standards*  sample 
809a-25 j impurity  mole  peroent  0.010  ± 0.006*  It  was  opened  in  an  atmoaphare 
of  dry  nitrogan  and  kspt  in  olossd  sample  tubes.  Ho  atteopt  was  made  to  purify 
the  sample  aa  it  was  believed  that  it  already  had  tha  highest  purity  obtainable. 

Tbs  8 ample  Tubas.  It  was  at  first  hoped  that  we  oould  introduce  mixtures 
of  two  different  known  oonoentratioci  into  two  tubas  which  ware  ocnneoted  through 
a sensitive  diffsrsntial  man orb  ter.  Thus  minute  differences  in  vapor  pressure 
between  tha  two  mixtures  oould  be  measured*  and  it  oould  be  determined  whether 
there  was  any  rang#  above  tha  critioal  temperature  where  the  difference  in  vapor 
pressure  between  two  suoh  mixtures  would  vanish.  At  the  sans  time  the  point 
on  the  ooexistenoe  curve  oould  be  determined*  Those  early  attempts  were  unsuc- 
cessful. This  may  have  been  bsoause  it  was  necessary  to  use  stopoook  grease  in 
tiie  apparatua.  Also  some  moisture  may  have  been  present*  in  spite  of  the  fact 
that  all  transfers  of  liquid  were  oarried  out  in  an  atmosphere  of  dry  nitrogen. 
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It  mas  finally  dsoldsd  to  make  up  mixture*  of  varying  oonposltiono  in 
••panto  tubes,  in  whioh  ths  transition  tsapsraturss  fro*  two-phass  to  ons-phaso 
mixtures  oould  bo  observed*  Afterward  oortain  pairs  oould  bo  attaohod  to  dif- 
ferential manometers  and  prosoun  diffsrsnoss  asasursd.  fhs  apparatus  usod  is 
shown  in  fig*  1*  Tho  portion  to  ths  right  of  0 is  tho  sample  tubo.  A aagnetio 
•tirror  was  plaood  at  tho  bottom  of  this  tubs*  It  oonsistod  of  a piooo  of  iron 
o ora  rod  with  roughened  glass*  which  oould  bo  asnd  toy  moons  of  a solenoid. 

Ads  qua ts  stirring  was  proridod  whon  tho  solos  oid  switoh  wao  Tory  quiokly  olosod 
and  oponod  twioo  for  each  sample.  Sxosssivo  opo ration  of  tho  switoh  oausod  a 
notiooablo  ohsngo  in  tonponturo  of  tho  bath  and  wao  avoided* 

tho  portion  of  tho  apparatus  to  ths  Is  ft  of  0 was  usod  for  purification* 
fho  vaouua  systo*  usod  to  ovaouats  this  appantus  oould  bo  out  off  with  a asroury 
out-off,  and  all  stopoooka  worn  behind  a oold  trap*  fho  first  mixtures  won 
prepared  in  a purification  and  • ample  tubs  having  only  ono  purification  ohawbor 
|b)  on  tho  loft*  A rubber  stoppor  wao  plaood  in  tho  tubo  at  B and  tho  apparatus 
was  svaouatod  and  flawed  intermittently  for  two  hours*  litrogeu  was  then  bled 
into  ths  entire  system*  and  allowad  to  paoo  through  it  at  a rata  of  several  *1* 
per  minute  after  tho  rubbor  stoppor  wao  removed  and  during  tho  filling  prooodurs  i 
in  addition  a "dry  box"  o onto  in  in  g an  atmoaphora  of  day  nitrogen  was  plaood 
around  tho  apparatus*  The  aniline  and  then  tho  oyolohoxano  wore  lntrodnood  into 
oheaibor  B toy  tho  use  of  oallbratod  mioro-pipots*  Tho  nitrogen  wao  then  turned 
-off,  a stoppor  was  inserted  in  ths  tubs  at  1,  and  ths  dry  box  removed.  The 
mixture  was  immediately  fro son  with  liquid  air  to  prevent  lose  of  tho  oyolohoxano, 
tho  purifying  ohawbor  ooalod  at  M and  tho  syotoa  ovaouatod* 

After  svaouatlon  ths  mixturs  was  molted  to  1st  dissolved  gas  oooapo,  rofrosen 
with  liquid  air,  and  ovaouatod.  lhlo  melting,  frosting,  end  pumping  prooedume 
was  repeated  two  moro  times.  With  ths  faouum  system  out  off,  tho  mixture  wao 
distilled  from  purification  ohambor  B to  tho  sample  ohambor  C,  whloh  wao  ooolod 
with  dry  ioe -acetone.  in  lot -alcohol  both  was  usod  on  ohawbor  B to  prevent  too 
rapid  distillation i it  had  to  bo  removed,  however,  before  tho  onllino  would 
distill*  fho  mixture  in  tho  oanplo  tubo,  0,  was  ns  1 tod  twioo,  and  oaoh  time 
rs  fro  ten  with  liquid  air  and  pumped  off  at  10*®  am*  Eg*  With  the  mixture  fro  sen 
tire  sample  tube  was  then  sealed  off  at  oonstriotian  0. 

In  later  samples  and  for  ro purification  of  earlier  cample o,  the  apparatus 
used  was  as  drown  In  Fig*  1.  The  prooeduro  was  the  earns  exoopt  that  freshly 
ignited  CaO  was  put  into  purification  ohaafoere  A end  B and  the  tubo  sealed  off 
at  L prior  to  the  Initial  pumping  and  intermittent  flaming*  The  distillation 
wao  from  B to  A to  C.  fho  liquid  mixture  remain* d in  oontaot  with  tho  OaO  of 
oaoh  ohasber  for  at  least  two  hours*  fho  liquid  air  was  kept  on  ths  rsoaiving 
oh  amber  for  approximately  thirty  minutes  after  the  CaO  In  the  distilling  ohambor 
appeared  to  be  dry  to  lneure  complete  transfer  of  the  mixture.  The  distilling 
ohambor  was  not  hsatsd  as  this  might  have  driven  off  some  of  the  water  taken  up 
by  tho  CaO*  if  tor  tho  oamplo  tubo  had  boon  roaoved  tho  purifioation  ohambor* 
wore  heated  to  sea  whether  any  liquid  oould  bs  driven  off  and  ths  oolor  of  the 
liquid  was  noted*  Should  any  acillns  have  boon  loft  in  ths  CaO  ths  liquid  would 
be  dark  red  sinoe  air  had  been  let  into  the  vaouum  system*  Vothlng  was  obssrved 
ether  than  very  small  quantities  of  moisture,  except  that  in  four  of  the  mixtures, 
generality  1°  aarly  stages  of  ths  purifioation,  a very  slight  reddish-brown 
oolo ration  was  notsd.  Ths  anoint  of  material  involved  was  peroeptlbls  but 
bollsvsd  not  aeasureablo* 
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Purification  of  the  samples  oould  be  continued  by  attaching  the  sample 
tub*  at  X (Pig*  1)  to  a new  purification  apparatus  of  tha  type  of  Fig,  1,  the 
1 attar  ni  than  olosed*  evacuated*  and  flawed]  than  tha  break  seal  at  J was 
broken  by  an  Iron  pa  Hat  anolosad  in  glass,  tha  material  tranafarrad  by  dis- 
tillation in  vacuum  to  tha  naw  purification  apparatus*  and  tha  purification 
pro  os  as  oarrlsd  on  as  before* 

Pros  aura  Measurements*  Whan  tha  samples  wars  suffiolantly  purified,  and 
aftar  tha  naasuranants  en  tha  transition  temperatures  wars  oo^jleted,  two  of 
tha  sample  tuba  a oould  ba  saalad  at  X to  tha  two  ands  of  a diffarantial  weaomstar. 
Tha  diffarantial  manoaeter  was  than  oara fully  fillad  with  tha  smnowrter  fluid* 
olosad  off*  outgaaaad  and  evaeuated*  With  tha  oyolohexane-anlline  mixtures 
fro  son  out  tha  braak  saala  wars  opsnsd*  In  warning  up  tha  mixtures  it  waa  neces- 
sary to  taka  oara  not  to  drive  tha  nanonatar  fluid  out  of  tha  mnonstsr  tuba* 
though  trapa  ware  provided  to  oatoh  tha  nanometer  fluid  in  oaaa  of  aooidant. 

In  all  oases  exoept  tha  first  one*  tha  nanometer  waa  provided  with  braak  saala 
to  permit  further  rspurifioation  of  tha  Mixtures  if  desirable* 

The  nanonatar  fluid  used  waa  polyathyleneglyool*  it  being  tha  bast  of 
several  tasted*  Xt  did  not  dissolve  tha  oyolohexane*  but  aftar  a long  period 
did  appear  to  reaot  with  tha  aniline*  turning  yellow  in  so  doing*  The  vapor 
pressure  of  aniline  was  very  snail  undar  tha  oonditiona  of  our  experlnente* 
and  there  was  suffioient  tins  to  nake  tha  ns&aurenenta  required  before  any  re- 
action took  plaoa*  It  was  rather  obvious  whan  reaotion  had  ooourrad*  beoause 
of  difficulty  in  obtaining  equilibrium  in  making  tha  pressure  measurements]  in 
any  event*  tha  appearance  of  tha  yellow  oolor  sezvad  as  a warning*  The  poly- 
ethyleneglyool  that  was  used  was  pumped  on  tha  veouum  system  for  a week  with  a 
hot-air  blower  keeping  its  temperature  arovnd  78#*  Tha  last  three  days  of 
this  punping  <he  pressure  was  lass  than  10"*  na*  Bg* 

A seals  taken  from  a broken  Bsokmann  thermometer  was  plaoa d behind  the 
nanonatar*  and  tha  height  of  tha  liquid  in  tha  two  arms  was  read  on  it  with  a 
telescope*  The  smallest  divisions  on  tha  soala  ware  0,5715  mu  apart*  and* 
using  polyathyleneglyool*  density  1*12  g*  par  ml**  were  equivalent  to  0*0606 
m*  Hg* 

Thermostat*  Tha  thermostat  used  was  oapabla  of  being  regulated  as  oloeely 
as  tha  temperature  oould  ba  read  with  a Beotamnn  the  monster*  and  tha  temperature 
oould  ba  changed  as  slowly  or  as  rapidly  as  desired*  Tha  water  was  vigorously 
stirred  to  avoid  temperature  gradients.  The  tsnperature  was  measured  by  two 
Baoknazm  thermo  inhere  whloh  had  bean  ol.eoked  against  a thermometer  standardised 
at  tha  Bureau  of  Standards. 

Transition  Tewpsraturss  and  Belated  Observations 

Transition  Temperatures*  For  the  experimnts  in  olosed  tubes  the  eleven 
mixtures  of  Table  I were  prepared.  When  these  were  first  plaoed  in  the  tubes 
the  transition  temperatures  shown  as  blaok  oirolee  in  Fig*  2 were  obtained*  Their 
extreme  irregularity  indioatee  that  iom  impurity  waa  introduoed  in  making  the 
mixture**  sinoe  the  same  aniline  and  oyolohexane  was  uead  in  all  oaeea.  This 
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Composition*  *nd  Transition  Temperatures 


Mol*  fraotion 

Aaillns 

Transition  Tempera  tv: 

Millimoles  aniline 

A 

B 

Cooling 

Beating 

6.89 

0,895g 

0,896 

89.68 

8.86 

•414 

.416 

89.61b 

89.61 

6.48 

.416 

.419 

89.68b 

89.68 

6.66 

.486 

,4276 

89.68 

6,86 

• 488 

.486 

89.68 

29.68 

6.97 

•436g 

.489 

89.68 

89.68 

7.80 

.444 

• 447 

89,68 

29.68 

7,48 

.488 

.466 

89.68 

29.68 

7.78 

.462 

.466 

89.68 

89.68 

8.06 

•478 

.478 

89.61 

8.68 

.488 

.491 

89.57 

Hots  i To  the  number  of  millimoles  of  anilino  given  mas  addsd  in  eaoh  oast 
S.04  millimoles  of  oyolohszano.  Whsn  o or rooted  for  distillation  of  oyolohexane 
into  the  spaoo  (approximately  7 ml.  in  all  tubes)  between  the  liquid  and  the  break 
soal  'Mils  be  earns  9,00  millimoles,  siring  mole  fraotion,  ooluan  A,  to  be  ussd  for 
ooexiitsnoe  ourrs  measurements,  Whsn  oorrsotsd  for  distillation  into  ths  spaoe 
(approximately  23  ml  in  all  tubes)  between  liquid  and  manomatrlo  fluid  this  be- 
oams  8,90  millimoles  giving  mol*  fraotion  s,  oolunn  fi,  to  b*  ussd  for  pressure-dlf- 
fsrsnos  msasursmsnts.  The  vapor  pressure  of  all  mixtures  was  approximately  118  mm 
Hg  at  30*C|  rariatlon  with  temperature  (about  ZS%  in  5#)  oan  be  negleoted,  Partial 
pressure  of  aniline  is  negligible. 
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* 0,414  aanpla)  a whitish  OA«t  appeared*  (The  0*89Bg  tad  0*466  staples  did  not 
■how  thia  blue -white  opalaaoenoe),  Tha  atirrar  oould  atill  ba  seen  vary  olearly, 
but  aa  tha  teaperaturo  waa  daoraaaad  atill  furthar  a diatinot  vary  intense 
white  oloudinaaa  appaarad  quite  auddeoly  aad  tha  atirrar  waa  bo  longer  viaible. 

Thia  ooourrad  is  all  tha  aixturaa  exoept  in  tha  0*896g  and  0*466  aanpla  a (in  tha 
0*414  aanpla  it  was  considerably  laaa  intanaa).  It  ma  believed  that  tha  oloudi» 
naaa  waa  oauaad  by  tha  intinate  diaparaion  and  intaralngling  of  tiny  troplata  of 
two  diatinot  phaaaa,  and  ao  whan  thia  oloudinaaa  waa  praaant  tha  tamparatura  of 
ita  appaaranoa  waa  taken  a a tha  tranaition  point.  In  tha  oaaa  of  tha  aix  "oriti- 
oal  aixturaa"  whoae  tranaition  point  waa  86,68*  tha  naniaoua  did  not  appaar  until 
tha  teiqperature  waa  0*016  lower*  Tha  naniaoua  of  tha  0*416  mixture  appaarad  at 
tha  aaaa  tamparatura  aa  tha  naniaoua  of  tha  oritioal  aixturaa.  So  tha  oaaa  of 
tha  0*414  aixtura  tha  naniaoua  appaarad  0,006*  balow  tha  ouaat  of  the  oloudinaaa, 
and  ainoa  thia  oloudinaaa  waa  not  aa  danae  and  had  a diffe  rant  appaaranoa  than 
in  tha  oaaa  of  the  oritioal  nixturaa,  tha  appaaranoa  of  tha  naniaoua  waa  aaaunad 
to  giro  tha  tranaition  taaperature* 

Tha  ohangea  appeared  in  aaaantially  tha  aaaa  way  and  at  tha  aaaa  tenporatureo, 
but  in  reverae  order,  if  tha  aixturaa  ware  heated  alowly  inetead  of  being  ooolad. 

Behavior  of  tha  Maniaoua*  In  tha  0*468  and  probably  in  tha  0*472  nixturaa 
(oolunn  A,  Tablo  I)  tha  naniaoua  diaappaarad  out  of  tha  top  of  tha  tuba  on 
heating,  while  in  tha  0*396g,  tha  0,414,  and  poaaibla  tha  0,416  aixtura  it  aeened 
to  diaappaar  at  tha  bottom,  though  in  tha  latter  oaaai  it  waa  rather  diffioult 
to  obaerve  beoauae  of  tha  atirrar  reating  on  tha  bottom  of  tha  tuba.  In  tha 
aix  "oritioal  nixturaa"  tha  naniaoua  aoaaad  to  diaappaar  in  tha  oenter  of  tha 
tuba*  Some  oaaaurananta  of  relative  height  of  tha  nasiaoua  (i*e.,  height  of  tha 
naniaoua  divided  by  tha  total  height  of  tha  liquid  oolunn)  ware  made  at  varioue 
tenpe  raturea.  Tha  reeuita  for  aome  of  the  mixturaa  are  ah  own  in  Fig*  5*  In 
In tar prating  thaaa  neaaurananta,  aapaoially  for  the  three  mixturaa  laaat  rloh 
in  aniline,  tha  affaot  of  the  atirrar  raating  on  tha  bottom,  and  oooupyisg  a 


oocridorable  f notice  of  the  orote  Motion  of  tho  tub# , must  bo  born*  in  Kind* 
These  measurements  were  oil  made  on  nizturoo  in  thoir  finol  ototo  of  purity 
sxoept  for  tho  0.425  ond  0*472  samples,  whose  tronoition  tonperoturoa  changed 
only  by  0,005*  ond  0*08*  on  further  purifiootion.  Extrapolations  (broken  linos) 
wore  oorriod  to  tho  observed  transition points  of  Mixtures  in  ths  ootuol  stoto 
of  purifiootion  uMd,  and  ore  ootuolly  asrely  guesMs  basod  on  general  obser- 
vations. 

Conclusions  and  Pisousslon.  The  oonolusion  that  n*  have  dram  fron  those 
obMrrations  is  that  the  ooexistenoo  ourve  has  a flat,  horisontal  portion  on 
ths  top,  oxtending  approxiaately  over  tho  range  of  oonoentrations,  of  the  cix 
mixture*  wo  have  oallod  oritioal  mixtures.  This  is  basod  not  asrely  on  tho 
result*  shorn  in  Table  I,  but  principally  upon  the  foot  that  when  tho  temperature 
of  tho  thermostat  was  Ions  red  at  tho  rate  of  0.01*  por  hour  the  extreme  cloudi- 
ness ahioh  no  believed  marked  the  transition  appeared,  a*  nearly  a*  oould  be 
judged,  simultaneously  in  all  six  of  -those  tubes  j elao  the  asnisous  oppoared 
simultaneous  in  all  of  them,  as  noil  as  in  ths  0.416  mixture.  On  the  basis  of 
thee#  observations  ns  believed  that  no  oould  state  unsquivooally  that  the  transi- 
tion temperature  was  the  same  for  all  six  "oritioal  mixtures"  nithln  0,005*  * 

Oir  oonolusion  that  thoso  are  all  oritioal  mixtures  has  been  questioned  by 
because  he  has  shorn  that  a smooth  curve  of  the  fom 
T0  - T s 60  (X»  - X")* 

mere  X*  and  Xs  are  the  mole  fraotiens  of  anilino  of  the  two  phases  ooexisting 
at  the  teaperature  T,  passes  through  our  six  oritioal  points  nithln  0.005*  end 
eoass  nearly  as  olose  to  our  other  point*.  He  therefore  states  that  within 
Halts  of  orror,  our  ourvo  Is  a smooth  ourvo,  of  the  same  typo,  end  with  very 
nearly  the  sams  quantitative  oharaoteristios  as  tho  ourvo  ueed  by  Guggenheim^55) 
for  the  liquid-vapor  equilibrium  of  one-oomponent  systems,  and  the  curve  ueed  by 
to  fit  his  own  data  on  the  perfiuoromsthyloyolohexane-oarben  tetra- 


chloride system. 


It  is,  of  oouraa,  end  always  will  b«,  impossible  to  preTO  experimentally 
idiot  o given  ourro  la  a true  straight  lino  over  any  portico  of  ita  length.  Ha 
■ay  ooll  attar t ion  to  the  qualitative  faet  that  our  six  "oritioal  nixturaa"  do 
oppaar  to  be  oritioal  baoauaa  tha  mini sou*  diaappaara  within  tha  body  of  tha 
liquid*  However,  if,  aa  wa  auppcaa,  tha  trua  tranaition  tamparatura  ia  0*016* 
higher,  thla  nay  not  ba  o on rin o lag  evidence.  Tha  atata  of  aztrana  cloudiness 
appear*  to  be  oharaotaristio  of  the  oritioal  mixture a,  which  nay  ba  signifioant$ 
However,  it  did  appear  in  at  laaat  one  non-oritioal  mixture,  tha  one  with  0*472 
aniline  no  la  fraoticn,  but  thie  a an  pi  a la  a little  hard  to  oonparei  it  waa  (tha 
only  one)  not  obaerved  ainultanaouoly  >ii*h  tha  others  in  ita  final  atata  of 
purity, 

Ob  tha  other  hand,  wa  wiah  to  point  out  one  pertinent  faot.  Tha  ob ner- 
vation a were  repeated  eeveral  tinea,  with  the  tubaa  in  different  positions  in 
the  raok  in  the  thermor<tat.  If  tMra  had  been  any  ayatenatio  differences  of 
as  mu  oh  as  0.006*  or  even  0.002*  wo  bellava  that  we  would  have  detected  then. 

%ie  aeena  to  be  o on  firmed  by  the  faot  that  the  transition  tempo  rature  of  the 
0,416  mixture  waa  definitely  lower  than  that  of  tha  aix  oritioal  mixture  a,  let 
when  it  waa  attached  to  tha  differential  nan  on  tar  along  with  the  0,462  mixture 
(whloh  beoarae  tha  0,456  mixture)  and  b*OM»  tha  0,419  mixture,  tha  tubaa  now 
underwent  their  tranaitions  ilnultaneously  at  29,66*,  Thus  tha  0,416  mixture 
appeared  to  have  beoona  a oritioal  mixture,  and  thla  email  ohange  waa  dateoted, 

Wa  therefore  be  Have  that  tha  avidanoa  does  favor  tha  oonolusion  that  there  ia 
a rang*  of  oritioal  nixturaa. 

Furthermore,  we  may  point  out  that  thsra  ia  actually  a considerable  dif- 
ference between  our  results  and  those  of  Zina,  Zinm  finds  that  the  oritioal 
mixture  for  the  perfluoronethyloyolohexano-oarbon  tetraehloride  ay atom  hae  a 
volume  fraction  of  oarbon  tetraohloride  of  0.551.  Mixtures  with  volume  fraotlona 
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of  0*681  and  0*671  hat*  a transition  temperature  0,00V*  lower,  This  ranga 

*• 

of  ooooontratioaa  it  quit*  ooaparable  to  our  "orltioal"  ranga , Zima  did  not 
tak*  precautions  to  oxoludo  dissolved  air  and  ataospherio  moisture.  While 
it  is  quit*  poaaibl*  that  hia  system  was  not  as  sensitive  as  ours  to  traooa 
of  moisture,  our  results  suggest  that  his  work  ought  to  be  repeated  with  pre- 
cautions similar  to  those  we  used.  This  night  result  in  a flattening  of  his 

OUSTS* 

Results  of  Vapor  Pressure  Measurements 

Differences  in  sapor  pressure  between  pairs  of  mixtures,  aniline  mole 
fraotlons  shown  in  parentheses  in  Table  ZI,  wen  am  a sure  d by  the  method  desorlbed 
above.  Two  of  these  pairs  involved  orltioal  mixtunej  in  the  other  oases  the 
mixtures  wen  outside  the  orltioal  range*  The  pressures  shown  in  Table  II  an 
the  vapor  pressun  of  the  other  phase.  The  pneaun  unit  is  0,0606  am  Eg 
(see  above,  aeotion  on  "Pressure  Measurements"). 

Gan  was  heed  in  making  these  nsasunmente  to  see  that  equilibrium  had 
been  attained  by  waiting  until  the  nsasunmente  nmained  oonstant  for  at  least 
five  minutes  (in  later  rune,  for  ten  minutes). 

When  the  two  mixtures  of  a pair  both  show  two  liquid  layers,  the  pressure 
dlffennoe  between  them  should,  of  oourse,  be  aero.  However,  it  wae  almost 
always  found,  that  there  was  a small  residual  pressun  differenoe  under  thee* 
conditions,  m long  as  the  tempera  tun  was  low  enough  so  that  there  wen  two 
layer*  in  both  tubes,  however,  this  differenoe  nmained  almost  constant,  end 
it  decreased  only  a little  if  the  mixtuns  wen  frosen  out  with  liquid  air*  It, 
tharafon,  appeared  to  be  permanent  gae,  undoubtedly  driven  off  from  the  glass 
in  sealing  it  off  from  the  vacuum  system,  even  though  the  glass  was  flamed 
before  these  seals  were  olosed.  This  residual  pressure,  whioh  is  recorded  in 
Table  II  ae  the  "Correction"  wae  subtraoted  from  the  aotual  pressure  differenoe 
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Table  XX 

Pmiurt  Difftrenoee 

ii  rfeasured  oo  the  Polyethylene  Olyool  Han  eras  ter 


1 

Pair 

X 

Pair 

XX 

Pair 

XXX 

Pair 

IV 

1 

*s»p. 

(0.598 

and  0.491) 

(0,416  and  0.476)  (0,419  end  0,455) 

(0.4875  and  0.447) 

! ] 

•o 

Hooting 

Cooling 

Heating 

Cooling  Beating 

Cooling 

Heating 

Cooling 

86,88 

0,0 

0.1« 

87,88 

0.0 

0,0 

0,0 

-0.1* 

0,0* 

K ' 

88,88 

-0.1 

0.0 

0.0 

0.6b 

0.08 

89,58 

0.0 

0.0° 

0.0* 

0 

s 

89,68 

0.0 

r<*t 

! 

89,65 

0.0 

0.1 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

|,V 

89,75 

0.1 

0.1 

0,0 

0.0 

0.0 

* Vv 

89.88 

0.5 

0.5 

0.5 

0.8 

0.1 

0.0 

0.1 

50.15 

0.6 

0.7 

0.4 

0.4 

0.8 

0.8 

o.l 

0.1 

50.58 

0.8 

0.9 

0,5 

0.6 

0,8 

0.5 

0.2 

0.8 

? 

50,65 

1.1 

1.8 

0.6 

0.6 

0.4 

0.4 

0.5 

0,5 

f 1? 

50.66 

1.5 

1,5 

0.8 

0.8 

0.4 

0.6 

0,5 

r ■- 

51.15 

1.6 

1,7 

1.0 

1.0 

0.7 

0.7 

0,4 

0.4 

m 

51.65 

8.5 

8.4 

1.5 

1,8 

1.0 

1.1 

0.6 

0.6 

[§? 

58,15 

8.8 

8.8 

1.8 

1.7 

1.8 

1.8 

0.6 

0.7 

\ T 

58.65 

5.4 

5.4 

8.8 

8.8 

1.4 

1.7 

0.9 

l : 

\ - 

55.15 

4.0 

4.1 

8.8 

8.8 

1.7 

1.9 

1.0 

1.0 

55.65 

4.9 

5,0 

5,4 

5.4 

1.9 

2.8 

1.2 

1.8 

P 

54.15 

6.9 

6.0 

4.0 

4.8 

8.2 

8.5 

1.4 

1.5 

H 

54.65 

7.8 

4.6 

4.8 

8.4 

5.1 

1.6 

< . 

55.15 

8.9 

5.7 

5.5 

5.5 

1.7 

Cor- 

i 

notion  10.0 

10.0 

0.0 

0.0 

7.7 

7.6 

9.0 

9.0 

- 

i- 

TToapo raturo , 28. 

40*  “Temperature, 

88,80* 

.Temperature,  29.50* 

^ ' - 

“Temperature,  39.80  . Temperature, 

86,65* 

rTemperature,  27,65* 

!F** 

1 

i 

Hengerature,  88. 

85  Temps  rature , 

89,08* 

if.  ■ 

^,rr3H 

\ 

Motel 

Xn  tho  ooao  of  Pair 

XXX  readings  were 

also  nade 

at  sons 

**& 

intoraodioto  terapsraturee,  oi  follows t 

H ■ • ■ u.'w 

tt 

To  sap. 

89,62 

89.68 

89.85 

29.95 

50.06 

50,55 

• - 

Hooting 

0.0 

0.0 

0.0 

0.8 

0,8 

0.8 

1 

I 

4 

Cooling 

0,0 

0.1 

0.2 

P 

To  rap . 

50.45 

50.65 

50.75 

51.05 

51.25 

51.58 

i 

Hooting  * 

0,5 

0.5 

0.4 

0.6 

0.8 

0,6 

i 

:! 

Cooling 

0.8 

m 


K5J$ 


16 


» readings  to  gat  tht  values  thorn  In  Table  XI9  lh  on#  mm,  tht  oerreotioo 
aeeaed  to  htrt  ohanga d wy  slightly  between  tht  readings  whloh  wort  nade  with 
rising  and  with  falling  taaperaturea. 

Xh  Fig.  4.  we  ah  on  tha  average  slope.  A p/A  I,  of  tilt  vapor  pressure  curves, 
for  tha  tenperatures  above  89.68.  Bart  Ap  is  tha  oorrootod  prat  aura  diffaranoa 
at  givan  In  Tablt  XX.  and  ^Xii  the  diffaranoa  in  sole  fractions  of  anil  ins. 
for  example.  0.491  - 0.896  ■ 0.098  for  Fair  X.  Tha  at  prattnra  diffartnott  hast 
bora  averaged  for  rising  and  falling  taaperaturea  whsrt  both  rsadlngs  art  aval  labia, 
and  haws  boon  o on verted  to  m Ig.  in  additional  oorraotion  has  also  boon  wads. 

Tha  oo  motions  shown  in  Tabls  XX.  arising  fron  In  art  gas  prassnras.  should  not 
bs  oonstant  with  tanparaturs.  but  thou  Id  ba  proportional  to  absolute  temperature. 

T,  This  was  not  takan  into  aooount  in  Tabla  XX.  8inoa  tha  ohsnge  in  tha  oor- 
raotion is  proportional  to  T - I®  and i*  also  approxiaatsly  proportional 
to  T - T0.  tha  paroantaga  ohanga  oausad  in  p/Ax  will  ba  approxinately  con- 
stant. To  taka  this  sffSot  into  aoo^mt  tha  results,  as  oaloulatad  dlraotly 
froa  Table  II.  have  baan  further  Multiplied  by  tha  following  faotorst  Fair  I. 

0,97 | Pair  IX.  l.OOi  Pair  III,  0.98|  Pair  XT.  0.90. 

In  tha  oasa  of  Paire  X and  IT  tha  results  ah  own  in  Tabla  XX  are  tha  ssoond 
sets  of  readings  obtained.  In  tha  other  oases  all  tha  data  are  shown.  In  tha 
ossa  of  Pair  XT  there  was  an  unusually  large  amount  of  inert  gas  in  tha  first 
trial,  so  the  oorraotion  waa  inordinately  large.  Therefore,  tha  Mixtures  wars 
frozen  out  with  liquid  air.  evacuated  through  the  essrgsnoy  break-seals  above 
tha  two  sldts  of  tha  nanoaeter.  and  tha  tubas  re  sealed  just  below  tha  break-seals. 
Tha  first  rvaas  on  Pair  X ware  tha  first  ones  nade,  and  they  sesnsd  to  ba  rather 
irregular,  though  the  pressure  diffaranoaa  whan  heating  and  whan  oooling  agreed 
fairly  wall.  Tha  values  of  wsra  only  about  0.76  to  0,9  (in  tha  first 

degree  above  tha  transition  tanparaturs,  where  tha  ratio  is  naturally  nuoh  lass 
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* 


‘ aoouVate*  0*8  te  0*7)  as  great  aa  those  shows  is  Fig*  4,  vhioh  wars  obtained 
after  repurl float io®*.  The  oauss  for  this  diaorepenoy  Is  sot  knows,  especially 

* is  so  break-seals  had  besn  provided  abort  the  aanowter  a ms  la  this  ease* 
a speolal  prooednrs  had  to  be  used  te  attaoh  the  re  purification  apparatus* 
so  as  to  intro duos  a minimum  of  moisture*  The  re purl float ion  erer  fused  CaO 
then  prooeedsd  as  usual* 

as  the  re  purification  oaused  no  ehange  In  the  transition  temperatures,  but  we 
feel  that  the  raises  given  In  Tabls  XI  and  Mg*  4*  obtained  after  sons  familiarity 
with  the  prooedure  was  attained*  are  the  most  reliable*  and  they  certain  fit  In 
better  with  the  othsr  pairs* 

Conclusions*  From  Fig*  4 wo  oonolude  that  If  there  Is  a region  above  the 
oritloal  temperature  for  whioh  A.  p/^\  X is  sero  it  most  either  lie  within 
0*2*  or  0*8*  of  the  transition  temperature  or  must  be  oonflned  to  a narrow  range 
of  oonoeatrations*  There  is  no  erldenoe  for  any  suoh  region*  The  values  of 
A?/ A*  in  the  oritloal  region  are  oertalaly  extremely  snail*  considering  that 
the  total  vapor  pressure  is  over  100  an*  but  A p/A*  begins  to  deviate  from 
sero*  however  slightly*  at  the  oritloal  temperature  and  inoreasee  approximately 
linearly  with  temperature  from  that  point  on*  Within  the  limits  of  error*  the 
experimental  results  seem  to  agree  with  the  thsoretioal  predictions  of  Sloe* 
but  more  work  aloof  these  lines  is  undoubtedly  deeirable* 
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